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HER2 expression in cervical squamous
cell carcinoma: high prevalence of HER2-
low/ultralow and spatiotemporal
heterogeneity across tumor evolution
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Human epidermal growth factor receptor 2 (HER2) overexpression and gene amplification are
established biomarkers in breast and gastric cancers. However, their role in cervical squamous cell
carcinoma (CSCC) remains unclear. We evaluated 548 untreated primary CSCC lesions (313 biopsies
and 235 hysterectomies). Initial immunohistochemistry (IHC) results were: 0 (56.9%), 1+ (26.3%), 2+
(equivocal, 14.1%), and 3+ (positive, 2.7%). Fluorescence in situ hybridization confirmed HER2 gene
amplification in all 34 cases and 5.2% of 2+ cases. Based on reclassification, HER2 status was
categorized as HER2-null (24.4%), HER2-ultralow (32.5%), HER2-low (39.6%), and HER2-positive
(38.5%). HER2 discordance rates were observed in 48.3% of paired biopsies and hysterectomy
specimens, 52.2% of post-neoadjuvant residual lesions, and 50.8% of metastatic sites. Temporal
analysis showed conversion rates of 50.0% for synchronous metastases, 30.8% within 12 months,
and 63.6% beyond 12 months. We identified a high prevalence of HER2-low and HER2-ultralow
subtypes, suggesting potential eligibility for ADC therapies.

Cervical squamous cell carcinoma (CSCC) remains a leading cause of
cancer-related morbidity and mortality among women globally, particularly
in regions with limited access to screening and early intervention'. Despite
preventive strategies, such as human papillomavirus (HPV) vaccination and
cytological screening, the prognosis for patients with advanced or recurrent
CSCC remains poor owing to the limited efficacy of current treatments.
Existing therapeutic options—including surgery, chemotherapy, and
radiation therapy—often fail to effectively treat metastatic or recurrent
disease, highlighting the need for novel, targeted therapies'.

Human epidermal growth factor receptor 2 (HER2), a member of the
ErbB family of receptor tyrosine kinases, plays a critical role in regulating cell
proliferation, survival, and differentiation’™*. The approval of HER2-

targeted monoclonal antibodies, such as trastuzumab and pertuzumab,
marked a significant advancement in treating HER2-positive breast cancer,
thereby improving patient outcomes and establishing a foundation for
targeted therapy. Encouraged by these successes, HER2-targeted mono-
clonal antibodies have demonstrated promising efficacy in other solid
tumors, including gastric, urothelial, and endometrial cancers™. This clin-
ical success has sparked interest in investigating HER2 as a therapeutic target
in CSCC.

Antibody-drug conjugates (ADCs), combining HER2-targeting anti-
bodies with potent cytotoxic payloads, have revitalized the therapeutic
targeting of HER2 in cancers exhibiting low-level expression’. This resur-
gence is largely driven by the marked efficacy demonstrated by ADCs,
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particularly trastuzumab deruxtecan (T-DXd), in HER2-low tumors.
Consequently, HER2-low status has been redefined as a predictive bio-
marker for ADC response in breast cancer”. The pivotal DESTINY -Breast06
trial (N = 866)’ further extends this paradigm by demonstrating significant
clinical benefits of T-DXd not only in the HER2-low metastatic breast
cancer cohort (n=713) but also in patients with HER2-ultralow disease
(n = 153). HER2-ultralow was methodologically defined within this trial as
immunohistochemistry (IHC) 0 with membrane staining (defined here as
IHC > 0 and <1+, characterized by faint, incomplete membrane staining in
<10% of tumor cells).

Recent data from the 2024 European Society of Gynecological
Oncology (ESGO) RC48-C018 trial (NCT04965519) reported an overall
response rate (ORR) of 36.4% in 22 patients with cervical cancer treated with
disitamab vedotin, along with a median duration of response of
5.52 months, median progression-free survival (PFS) of 4.37 months, and a
12-month overall survival rate of 66%'. These findings suggest that low
HER2 expression may represent a viable target for ADC therapy in CSCC,
potentially offering a new therapeutic avenue for this challenging
malignancy.

Although HER2 overexpression and gene amplification are well-
validated biomarkers in breast and gastric carcinomas, their biological and
clinical significance in CSCC remains poorly understood. In this dual-focus
study, we systematically evaluated HER2 expression in 548 CSCC cases
using the 2023 American Society of Clinical Oncology/College of American
Pathologists (ASCO/CAP) guidelines' and assessed spatiotemporal het-
erogeneity through a multidimensional analysis of histopathological spe-
cimen types (biopsies vs. hysterectomy specimens), treatment phases (pre-
treatment biopsies vs. post-neoadjuvant therapy [NAT] residual lesions),
and disease progression stages (primary cervical lesions vs. matched
metastatic foci). Furthermore, a comparative analysis of HER2 expression
between breast cancer'' and the 2017 CAP/ASCP/ASCO criteria for gastric
cancer was performed".

Results

HER2 expression, gene amplification, and reassessment in 548
patients with cervical cancer

The study cohort comprised 694 specimens from 548 patients, including the
core analysis set of 548 primary cervical cancer lesions without neoadjuvant
therapy (NAT), along with 60 hysterectomy specimens matched to pre-
treatment biopsies, 23 hysterectomy specimens post-NAT, and 63 meta-
static lesions (Fig. S1). Two pathologists (W.L. and D.H.) independently
assessed HER2 expression for all cases. Initial scoring yielded concordant
results in 625 cases (90.1%), with discordance observed in 69 cases (9.9%).
These discordant cases underwent joint review using a multi-headed
microscope, achieving consensus for 46 cases. The remaining 23 cases
without consensus were adjudicated by a third senior pathologist (Y.C.),
with the majority diagnosis adopted as the final result.

The core analysis set comprised 548 primary cancer lesions without
NAT, including 313 cervical biopsies and 235 hysterectomies. The median
age at diagnosis was 57 (range: 27-87) years. Initial immunohistochemical
evaluation revealed HER2 scores of 0 in 312 cases (56.9%), 1+ in 144
(26.3%), equivocal (2+) in 77 (14.1%), and positive (3+) in 15 (2.7%) (Fig.
1A). FISH analysis was successfully performed in all 77 tumors scored as 2+,
revealing gene amplification in four cases (5.2%). All 15 tumors with a score
of 34 showed gene amplification by FISH (Fig. 1B).

Re-evaluation of HER2 status yielded the following results: after
reassessment of 312 HER2-0 cases, HER2-ultralow accounted for 32.5%
(178/548), whereas HER2-null accounted for 24.4% (134/548). In total, 217
cases (39.6%) were HER2-low (144 cases with a score of 1+ and 73 cases
with a score of 2+ but lacking gene amplification); and 19 cases (3.5%) were
HER2-positive (15 with a score of 34 and 4 with a score of 2+ along with
gene amplification) (Fig. 1C).

HER2 expression was significantly higher in poorly differentiated
CSCCthan in well-differentiated SCC (p = 0.02). No significant associations
were observed between HER2 expression and clinicopathological

parameters, including patient age, International Federation of Gynecology
and Obstetrics (FIGO) stage, and HPV subtype (Fig. 1D and Table S1).

Intratumoral heterogeneity of HER2 expression

Tumor cells with varying staining intensities often coexisted in intermingled
patterns within the same tumor, reflecting diverse distribution profiles. Four
distinct HER2 expression patterns were identified: (1) diffuse homogeneous
pattern--intense, uniform HER2 membranous staining across the entire
tumor cell population; (2) geographic clustering pattern—spatially demar-
cated clusters of cells showing varied HER2 staining intensities (e.g., 0/14/
2+/3+) resembling topographic maps; (3) mosaic pattern—randomly
intermixed HER2-positive and HER2-negative/heterogeneous cells without
spatial organization, occurring in variable proportions; and (4) scattered
pattern—presence of isolated HER2-positive cells within regions of HER2-0
or HER2-low (IHC 14/2+) expression (Fig. 2). Specifically, the diffuse
homogeneous pattern and geographic clustering pattern were predominant
in HER2 3+ cases, whereas in, the mosaic and scattered patterns are fre-
quently observed in HER2 2+ cases.

Additionally, the proportion of stained tumor cells varied among cases.
Among the 15 cases with HER2 34 overexpression, the tumor area
demonstrating 3+ staining intensity (strong staining) ranged from
30%-100% (median: 75%). In HER2 2+ cases, 2+ staining intensity
(moderate staining) occupied 10%-85% of the tumor area (median: 25%),
whereas 14 cases showed 1+ staining intensity (weak staining) in 10%-55%
of tumor regions (median: 20%) (Fig. 3).

In one HER2 2+ case, intense complete staining was observed in <10%
of the tumor cells, whereas the remaining cells were HER2-negative. FISH
analysis revealed clustered HER2 gene amplification (Fig. 4).

HER2 alterations in paired cervical biopsy and subsequent hys-
terectomy specimens without prior NAT

Within this cohort of 60 patients, concordant HER? status between cervical
biopsy and total hysterectomy specimens was observed in 31 cases (51.7%),
while the discordance occurred in 29 cases (48.3%). Specific status changes
included: among 11 cases originally HER2-null, three transitioned to HER2-
ultralow and four to HER2-low; of 16 cases initially HER2-ultralow, one
reverted to HER2-null and nine progressed to HER-low; among 30 HER2-
low cases, four became HER2-null, six converted to HER2-ultralow, and one
advanced to HER2-positive; finally, among three HER2-positive cases, one
downgraded to HER2-ultralow whereas the other two remained unchanged
(Fig. 5 and Table S2).

HER2 evolution from baseline biopsy to residual disease

after NAT

Among 23 patients who underwent NAT, matched cervical biopsies and
residual tumors were compared. No pathological complete response was
observed. The concordant HER2 status between cervical biopsy and residual
tumors was observed in 11 cases (47.8%). The overall discordance rate was
52.2% (12/23). Specifically, among seven patients with HER2-null at base-
line biopsy, one converted to HER2-ultralow and four to HER2-low. Of the
six patients with HER2-ultralow at baseline, two converted to HER2-null
and two to HER2-low. Additionally, among patients with HER2-low at
baseline, two converted to HER2-null and one to HER2-ultralow.
Remarkable HER?2 status instabilities were observed between primary and
residual tumors (Fig. 6 and Table S3).

Changes in HER2 expression between primary cervical lesions
and metastatic lesions

During the study period, 63 matched pairs of primary and metastatic CSCC
with available HER?2 testing were analyzed. In primary tumors, HER2-null,
HER2-ultralow, HER2-low, and HER2-positive phenotypes accounted for
19.0% (n=12), 25.4% (n=16), 50.8% (n =32), and 4.8% (n = 3), respec-
tively. In metastatic lesions, the corresponding distributions were 27.0%
(n=17),27.0% (n=17),41.2% (n = 26), and 4.8% (n = 3). The concordant
HER? status between primary cervical lesions and metastatic lesions was
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Fig. 1 | HER2 assessment in 548 cervical cancer A

patients. A HER?2 testing process and results:
HER2-null accounted for 24.4%, HER2-ultralow for
32.5%, HER2-low for 39.6%, and HER2-positive for
3.5%. B HER2 2+ cases showed positive FISH test-
ing. C HER2 immunohistochemistry: HER2-null,
HER2-ultralow, HER2 1+, HER2 2+, and HER2

evaluation

‘ HER2 testing for 548 patients with CSCC ‘

3+. D HER2 expression was significantly higher in
poorly differentiated cervical squamous cell carci-
noma (CSCC) compared to well-to-moderately
differentiated cases (p = 0.02).
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observed in 31 cases (49.2%). Discordant HER2 status occurred in 32 cases
(50.8%), with the following specific changes compared to the primary
lesions: among 12 cases originally HER2-null, nine cases showed upregu-
lation in metastases (two to HER2-ultralow, seven to HER2-low). Of 16
cases initially HER2-ultralow, eight reverted to HER2-null, and one pro-
gressed to HER2-low. Among 32 HER2-low cases, 14 exhibited

downgrading (six to HER2-null, eight to HER2-ultralow). All three HER2-
positive cases remained unchanged. This discordance reached statistical
significance (p = 0.010) (Fig. 7 and Table S4).

The most frequent metastatic sites were cervical lymph nodes (25/63,
39.7%) and lungs (15/63, 23.8%). Other metastatic locations, in descending
frequency, included the inguinal lymph nodes (9/63, 14.3%), pelvic lymph
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Fig. 2 | Intratumoral heterogeneity of HER2 expression. A Homogeneous pattern:
HER2-3+ case with nearly 100% tumor cells exhibiting diffuse strong positivity.
B Clustering pattern: clear boundary between HER2-3+ and HER2-0 regions.

C Mosaic pattern: clusters of HER2-3+4 tumor cells in a HER2-2+ background.

D Mosaic pattern: clusters of HER2-2+- tumor cells in a HER2-0 background.
E Scattered pattern: isolated HER2-3+ tumor cells in a HER2-2+4 background.
F Scattered pattern: isolated HER2-3+ tumor cells in a HER2-0

background.

Fig. 3 | Intratumoral heterogeneity of HER2 expression. In HER2-3+ cases, it is
observed that HER3+ coexists with HER-2+ and HER2-1+ staining intensities
(left). Stained tumor cell proportions varied: HER2 34- cases showed 30%-100%

Expression Level (0-100%)

HERZ-1+
HER2-2+
HeRz-3+

HER2-1+ HERZ-2+ HER2-3+

(median 75%) tumor area with 3+ intensity; 2+ cases covered 10%-85% (median
25%) with 2+ intensity; 1+ cases had 10%-55% (median 20%) 1+ intensity (right).

nodes (7/63, 11.1%), and liver (4/63, 6.3%). Additionally, isolated cases of
metastasis to the bladder, colon, and brain were observed. HER2 dis-
cordance rates varied significantly across metastatic sites: lung demon-
strated the highest rate (66.7%, 10/15), followed by pelvic lymph nodes
(57.1%, 4/7), inguinal lymph nodes (55.6%, 5/9), cervical lymph nodes
(40.0%, 10/25), and liver (25.0%, 1/4).

The interval between CSCC diagnosis and metastatic lesion detection
ranged from 0 to 60 months. Among the 63 analyzed cases, 28 (44.5%)
presented with synchronous metastasis at the time of primary diagnosis,
with an HER2 conversion rate of 50% (14/28). Metastases developed within
12 months of primary diagnosis in 13 cases (20.6%), with an HER2 con-
version rate of 30.8% (4/13). In 22 cases (34.9%) with delayed metastases
(>12 months), the HER2 conversion rate was highest at 63.6% (14/22) (Fig.
7). These findings highlight significant HER? status instability throughout

disease progression, with the most significant instability observed in the
delayed metastasis cohorts. HER2 phenotypic shifts in metastatic lesions
may reveal actionable ADC targets in clinically relevant patient subsets.

Comparative analysis of HER2 expression between breast can-
cer and gastric cancer scoring criteria

A comparative analysis of HER2 expression patterns between breast and
gastric cancer scoring criteria revealed the following: utilizing the 2017 CAP/
ASCP/ASCO guidelines for gastric cancer evaluation, 6 of 144 initially
categorized 1+ cases (4.2%) demonstrated weak-to-moderate incomplete
membrane staining (>10% tumor cells with basal/lateral “U-shaped” pat-
tern), warranting upgrade to 2+ status. Notably, FISH testing confirmed the
absence of HER2 amplification in these reclassified cases. The original scores
for the 77 cases rated as 2+ and 15 cases rated as 3+ remained unchanged.
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The final HER2 scoring was as follows: 0 in 312 (56.9%), 14 in 138 (25.2%),
equivocal (2+) in 83 (15.2%), and 3+ in 15 (2.7%). Upon reassessment, the
HER2 status distribution revealed 312 tumors (56.9%) as HER2-0, 217 cases
(39.6%) as HER2-low (including 138 with 1+ score and 79 with 2+ score
without gene amplification), and 19 cases (3.5%) as HER2-positive (15 with
3+ score and 4 with 24 score accompanied by gene amplification),

Fig. 4 | HER2 2+ cases exhibited <10% cells with intense complete staining
(remaining tumor areas negative), while FISH demonstrated clustered HER2 signal
amplification.

HER2-null

indicating no major discrepancy compared to the original breast cancer-
based scoring system.

Discussion

The development of ADCs represents a paradigm shift in cancer ther-
apeutics, driving groundbreaking advancements in recent years". Clinical
evidence has demonstrated that HER2-targeted ADCs have expanded
therapeutic indications across various HER2-positive malignancies. Nota-
bly, beyond traditional HER2-positive populations, specific ADC agents
have shown clinically meaningful antitumor efficacy in HER2-low-
expressing tumors (defined as HER2 14 or 24 without gene
amplification)’. At the 2023 ASCO Annual Meeting, the DESTINY-
PanTumor02" trial demonstrated that T-DXd treatment yielded an
encouraging ORR and durable clinical benefit across multiple tumor types.
Its efficacy was particularly notable in patients with HER2 3+ expression,
among whom those with gynecological malignancies exhibited the most
significant benefit. The ORRs for endometrial, cervical, and ovarian cancers
were 57.5%, 50%, and 45%, respectively. Additionally, the phase II PRaG3.0
(NCT05115500) clinical study*'® showed that single-agent disitamab
vedotin achieved an ORR of 66.7% in gynecological tumors, including
cervical cancer, epithelial ovarian cancer, fallopian tube cancer, and primary
peritoneal cancer. Importantly, patients with HER2 14 expression
demonstrated response rates comparable to those with 2+ and 3+, with
ORRs 0f 43.8% and 30.0%, respectively. The safety profile was favorable, and
no significant pulmonary or ocular adverse events were observed. In the
present study, the proportion of HER2 low cases was 39.6%. These findings
suggest that this patient subgroup may benefit from ADC therapy, offering a
novel therapeutic avenue with the potential to improve outcomes in gyne-
cological malignancies. Consequently, HER2 testing and accurate
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assessment of protein expression have emerged as critical diagnostic
imperatives. In our cohort of 548 treatment-naive CSCC specimens, HER2
immunostaining revealed 3+ expression in 2.7%, 2+ in 14.1%, 1+ in 26.3%,
and HER2-0 in 56.9% of patients. These results align with the meta-analysis
by Itkin et al.”, which reported an HER2 3+ rate of 5.7% (95% CI: 1.5~
11.7%) in cervical cancer, although our rate (2.7%) falls at the lower
boundary of this interval. Gene amplification occurred in 5.2% (4/77) of 2+
cases. Following reclassification, the HER2 expression categories were as
follows: HER2-null (0 with no membrane staining; 24.4%), ultralow (0 with
faint membrane staining; 32.5%), low (14/non-amplified 2+; 39.6%), and
positive (3+/amplified 2+; 3.5%) staining. Notably, HER2-low/ultralow
phenotypes collectively comprised 72.1% of cases, suggesting the potential
applicability of ADCs in most patients with CSCC.

In the HER2-low cohort of DESTINY-Breast06 trial’, T-DXd sig-
nificantly prolonged median PFS compared to the physician’s choice of
chemotherapy (13.2 vs. 8.1 months; HR 0.62, 95% CI 0.51-0.74; p < 0.0001),
with consistent results observed in the intention-to-treat population, which
included patients with both low and ultra-low HER2 expression (modified
PFS [mPFS] 13.2 vs. 8.1 months; HR 0.63, 95% CI 0.53-0.75; p < 0.0001).
While the HER2-ultralow subgroup did not reach statistical significance
(mPES 13.2 vs. 8.3 months; HR 0.78, 95% CI 0.50-1.21), the clinically
meaningful improvement prompted FDA approval in January 2025 for HR
+/HER2-low/ultralow metastatic breast cancer following progression on
endocrine therapy. The central laboratory reassessment revealed 40% of
local THC 0 cases upgraded to HER2-ultralow and 24% to HER2-low’. Our
cohort further demonstrated a 57.1% (178/312) diagnostic reclassification
from HER2-0 to HER2-ultralow, underscoring the critical need for stan-
dardized HER2 quantification to optimize ADC-targeted therapy selection.
These findings redefine therapeutic paradigms by validating continuous
HER2 expression models over traditional binary classifications, highlighting

the clinical implications of intratumoral heterogeneity and assay standar-
dization challenges.

Our study further identified pronounced intratumoral heterogeneity of
HER2 protein expression in CSCC tissues. Tumor cells with variable
staining intensities coexisted within individual tumors, displaying four
characteristic spatial distribution patterns: (1) diffuse homogeneous, (2)
geographic clustering, (3) mosaic heterogeneity, and (4) scattered isolated
patterns. These morphological patterns align with classical descriptions of
HER? heterogeneity in breast cancer, as reported by Marchio et al.". Fur-
thermore, the proportion of HER2-positive tumor cells varied markedly
across IHC categories. Among 15 HER2 3+ cases, strongly positive tumor
areas (3+ intensity) ranged from 30% to 100% (median, 75%). HER2 2+
specimens showed moderately positive regions (24 intensity) occupying
10%-85% (median 25%), in contrast with HER2 1+ cases, where weakly
positive areas (14 intensity) spanned 10%-55% (median 20%). Given the
potential impact of this intratumoral heterogeneity on anti-HER2 therapy
response, we propose reporting the percentage of HER2-positive tumor cells
in pathological assessments. This quantitative parameter may serve as a
critical reference for personalizing treatment strategies and predicting
clinical outcomes.

The observed discordance in HER2 status between paired cer-
vical biopsy and hysterectomy specimens (48.3%%, 29/60) highlights
the critical challenges in HER2 assessment for cervical cancer. While
51.7% of cases (31/60) maintained stable HER2 profiles, most dis-
cordant cases (27/29 cases, 93.1%) involved shifts between HER2-
null, HER2-ultralow, and HER2-low categories. This trend aligns
with emerging evidence from other solid tumors, where spatial and
temporal HER2 heterogeneity can result in diagnostic variability,
particularly in low-expressing tumors. Interestingly, bidirectional
shifts were common—13 cases were upgraded from HER2-null and

npj Precision Oncology | (2025)9:410


www.nature.com/npjprecisiononcology

https://doi.org/10.1038/s41698-025-01189-w

Article

HER2-null

HER2-ultralow

HER2-null

=
14
HER2-ultralow @
() [72]
n —n
S =
L o
© o
z o
: 8
.g w
o (¢}
HER2-low
HER2-low
HER2-positive HER2-positive
Metastatic disease Concordance | Kappa | Pvalue
HER2-null | HER2-ultralow | HER2-low | HER2-positive rate
HER2-null 3 2 7 0 49.20% 0240 | 0.010
Primary | HER2-ultralow 8 7 1 0
disease
N(%) HER2-low 6 8 18 0
HER2-positive 0 0 0 3
30 4 30~
254 o 251
20 20
15 1 15 -
10 4 10 4
5 5
0- — - 0F
<] & Gl
) @@ \9\\% D i \o\' & (5}00 bbe} Gfb‘e (°o°° Q'& ({&
& SIS & oot
192 RS ] & LY 2
B Cordant M Discordant B Cordant M Discordant

Fig. 7 | Changes in HER2 expression in primary cervical lesions and metastatic lesions. Absolute numbers and percentages are reported.

ultralow to HER2-low, while 10 cases were downgraded from HER2-
low to HER2-null and ultralow, suggesting that single-site biopsy
sampling may not fully capture the full spectrum of HER2 expression
in heterogeneous tumors. The two cases with more dramatic shifts
(from 3+ to ultralow and HER2-low to 3+) may reflect significant

intratumoral heterogeneity.

This study compared HER2 protein expression in 23 patients before
and after NAT, revealing an overall HER2 discordance rate of 52.2% (12/23),
exclusively involving transitions between HER2-null, ultralow, and low
status. These findings align with Katayama et al.’s report'” of a 22% con-
version from HER2-positive to HER2-negative status following treatment in

breast cancer and with a separate retrospective analysis showing 13% HER2-
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negativity in residual tumors, which was associated with poorer prognosis™.

The dynamic instability of HER2-low status between primary and residual
tumors may result from (1) sampling limitations in core needle biopsies
combined with treatment-induced HER2 modulation, (2) selective sup-
pression of HER2-positive clones in multifocal tumors, and (3) the survival
of treatment-resistant subclones with distinct biological profiles, driven by
tumor heterogeneity and differential therapy responses. These mechanisms
underscore the critical need for HER2 re-evaluation after NAT in the era of
anti-HER2 ADC therapies.

Chen et al.”' analyzed 390 paired primary and metastatic breast cancer
samples and found that HER?2 status conversion from positive to negative
(29%) occurred more frequently than conversion from negative to positive
(8%), with a 14% discordance rate among distant metastases. Notably, one
patient exhibited intralesional heterogeneity: a HER2-positive primary
tumor metastasized to the liver, producing one HER2-negative and one
HER2-positive lesion. This case suggests that HER2 discordance can occur
even within metastases to the same organ. Similarly, Miglietta et al.””
reported an overall HER2 discordance rate of 38%, with bidirectional shifts
between HER2 0 and 1+ occurring at comparable frequencies (47% vs.
40%). HER2-positive (3+) tumors demonstrated high stability in both
primary and recurrent settings, consistent with our observation that all three
HER2 3+ cases showed no status change. In our study, heterogeneous
HER?2 status was observed in 32 cases (50.8%). The metastatic sites also
exhibited notable conversion, particularly in the lung demonstrated the
highest rate (66.7%, 10/15), followed by pelvic lymph nodes (57.1%, 4/7),
and inguinal lymph nodes (55.6%, 5/9). A temporal analysis revealed a
marked disparity in HER2 conversion between metastases emerging
>12 months after diagnosis (63.6%) and those developing within 12 months
(20.6%). The dynamic nature of HER2 expression, especially between
HER2-null, HER2-ultralow, and HER2-low subtypes during tumor pro-
gression, underscores the necessity of HER2 status re-evaluation in recur-
rent/metastatic CSCC cases.

Standardization of HER2 assessment in CSCC remains controversial,
with no consensus on whether breast or gastric cancer criteria should be
adopted. While both guidelines employ a 10% staining threshold, they differ
in morphological interpretation: breast cancer typically shows nested cell
arrangements with complete circumferential HER2 membrane staining,
whereas gastric cancer displays glandular structures with partial “U-shaped”
basal and lateral membrane staining and weak or absent staining of apical
regions. In this study, the application of the 2017 CAP/ASCP/ASCO gastric
cancer HER2 guideline led to the reclassification of 6 out of 144 cases,
initially 1+ cases, to 2+, based on >10% of tumor cells showing weak-to-
moderate U-shaped staining. However, all six cases tested negative on FISH.
Notably, applying gastric cancer criteria demonstrated no significant dis-
crepancy compared to the original breast cancer HER2 scoring criteria. One
unique case in our study involved <10% of tumor cells with strong HER2
positivity—classified as 2+ with clustered FISH positivity under breast
criteria but unclassifiable under gastric standards-highlighting interpretive
ambiguities. Overall, HER2 expression in CSCC more closely resembled the
breast cancer pattern: 93.9% of 24+ and 3+ cases exhibited complete
membrane staining, while U-shaped patterns were seen in only 6.1% of cases
(all FISH-negative). This finding supports the potential suitability of breast
cancer criteria for CSCC, pending further validation. Conversely, other
gynecological malignancies (e.g., cervical adenocarcinoma, endometrial/
ovarian cancers) with gastric-like glandular morphology may exhibit higher
U-shaped staining frequency, suggesting gastric criteria as a more appro-
priate choice, subject to confirmatory studies.

Although our study benefited from a large sample size and compre-
hensive HER2 expression analysis, it had some limitations. First, this study is
a single-center investigation, and the retrospective design posed inherent
risks of selection bias and incomplete clinical data. Second, inter- and intra-
observer variability in tumors characterized by a low proportion of tumor
cells exhibiting weak HER2 expression may also contribute to discrepancies
in distinguishing between HER2-null, HER2-ultralow, and low categories;
future integration of artificial intelligence may help enhance scoring

precision, particularly for these low-expression cases, thereby reducing
observer-related variability. Third, the lack of prospective treatment
response data limited our ability to correlate HER2 expression patterns with
clinical outcomes, warranting future studies to correlate HER2 status with
ADC treatment outcomes.

In conclusion, this study identified a clinically significant prevalence of
HER2-low and HER2-ultralow subtypes in CSCC, encompassing most
cases potentially eligible for ADC therapy. HER2 expression demonstrated
considerable spatiotemporal heterogeneity during tumor progression, with
substantial discordance between primary and metastatic lesions and
dynamic shifts influenced by treatment and time. These findings underscore
the need for repeated HER2 reassessment through sequential biopsies to
optimize therapeutic stratification, especially for emerging therapies tar-
geting low HER2-expressing tumors. Applying gastric cancer criteria
showed no significant discrepancy compared to breast scoring criteria,
further supporting the potential utility of breast cancer HER2 guidelines
in CSCC.

Methods

The study protocol was conducted in accordance with the Declaration of
Helsinki and approved by the Institutional Ethics Committee of Fujian
Cancer Hospital (Approval No. K2024-051-01; Approval Date: January 23,
2024). All patients provided written informed consent for the use and
publication of their medical data at their first hospital visit.

Study population and design

In this retrospective cohort study, we included 548 consecutive patients
diagnosed with CSCC who underwent initial surgical hysterectomy or
cervical biopsy at Fujian Cancer Hospital between 2020 and 2024. None of
the patients received NAT—including chemotherapy, radiotherapy, tar-
geted therapy, or immunotherapy—prior to specimen collection. Clinical
information, including age, clinical progression, laboratory test results,
imaging findings, and treatment details, was retrieved from electronic health
records. Follow-up data were obtained from medical records and phone
interviews.

To investigate spatiotemporal heterogeneity, multidimensional com-
parisons were conducted as follows: (1) HER2 protein detection analysis of
60 paired cervical biopsy and hysterectomy specimens (from patients who
did not receive NAT), (2) parallel HER2 protein assessment in 23 paired
cervical biopsy and post-neoadjuvant therapeutic hysterectomy specimens,
and (3) HER2 protein expression concordance analysis in 63 matched pairs
of primary cervical lesions and corresponding metastatic lesions.

Immunohistochemical staining

Four-micrometer-thick tissue sections were cut from 10% formalin-fixed,
paraffin-embedded (FFPE) tissue blocks and stained for HER2 using a
rabbit monoclonal primary antibody (clone 4B5, Roche, Switzerland) on the
VENTANA BenchMark ULTRA (Roche) autostainer. Antigen retrieval was
performed with cell conditioning solution (CCl, pH 8.5) at 100 °C for
64 min. Endogenous peroxidase activity was blocked using 3% H,O, for
8 min, followed by application of the prediluted HER2 (4B5) primary
antibody and incubation at 36 °C for 36 min. DAB chromogen was then
applied for 8 min for visualization. Counterstaining was performed with
Hematoxylin II (8 min) and a bluing reagent (4 min), followed by slide
dehydration, clearing, and mounting. HER2-positive and -negative tissue
samples were included as quality controls to validate the protocol.

Fluorescence in situ hybridization (FISH)

FISH was performed on all IHC 24 and 3+ tumors. The HER2 gene
amplification detection kit (No. 20183400001, Health Care Biotechnology
Co., Ltd., China) was used to identify HER2 in paraffin-embedded tissue
sections following the manufacturer’s instructions. This HER2/CEP17 dual-
color probe labels HER2 (red) and the centromere of chromosome 17
(CEP17, green). The HER2 FISH assay began with 4-micrometer-thick
FFPE tumor sections, baked at 65 °C for 2 h. After deparaffinization with
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xylene and hydration through a graded ethanol series, nucleic acids were
denatured in a 95 °C water bath for 30 min, followed by protease K digestion
at 37 °C for 10 min. Subsequently, the dual HER2/CEP17 probes were co-
denatured at 83 °C for 5 min and hybridized at 42 °C for 16 h under con-
trolled conditions to ensure specific binding. Post-hybridization washes
removed unbound probes, and nuclei were counterstained with DAPI for
clear visualization. According to the 2023 ASCO/CAP guidelines'’, HER2-
positive amplification is defined by a HER2/CEP17 ratio of >2.0 with an
average HER2 copy number of >4.0 signals/cell, while HER2-negative status
requires both a HER2/CEP17 ratio of <2.0 and HER2 showing <4.0 signals/
cell. For cases where the HER2/CEP17 ratio is >2.0 but the average
HER?2 signals per cell are <4.0, or if a case has an average HER2 signals per
tumor cell of 4.0 and <6.0 with HER2/CEP17 ratio <2.0, the diagnostic
pathway specifies the following: if the ITHC result is 3+, the diagnosis is
HER2-positive; if IHC is 2+, an additional observer recounts ISH by
counting at least 20 cells from invasive cancer areas with THC 2+ staining,
blinded to previous ISH results—if reviewing the count alters the ISH
category, adjudicate per internal procedures; if unchanged, diagnosis is
HER2-negative with a comment; for THC 0/1+, diagnosis is HER2-negative
with a comment. Similarly, for cases with average HER2 signals of 26.0 per
cell and ratio of <2.0, the pathway is: HER2-positive if IHC 3+; for IHC 2+,
perform an equivalent blinded recount—adjudicate if the category changes,
HER2-positive if unchanged; HER2-negative with a comment for IHC
0/1+.

HER2 reassessment

Two senior pathologists (W.L. and D.H.) independently reviewed all cases,
confirmed diagnoses, performed histological assessments, and conducted
IHC HER2 scoring. Subsequently, cases with discordant HER2 scores
underwent joint reassessment using a multi-view microscope, and for
instances where consensus remained unresolved, a third pathologist (Y.C.)
was consulted, with the majority opinion adopted as the definitive assess-
ment. HER2 THC scoring and FISH testing were conducted according to the
2023 ASCO/CAP breast cancer guidelines'. HER2 IHC scores were defined
as follows: 3+ (positive): strong, continuous, and complete circumferential
membrane staining in >10% of tumor cells; 2+ (equivocal): weak-to-
moderate complete circumferential membrane staining in >10% of tumor
cells, and if strong circumferential membrane staining is observed in <10%
of cells, the case is provisionally classified as 2+ (equivocal) and requires
HER2 IHC testing on additional samples and FISH testing for confirmation;
1+ faint/incomplete membrane staining in >10% of cells; 0 (Negative): no
membrane staining or faint/barely perceptible incomplete staining in <10%
of tumor cells. Cases scored as 2+ required mandatory reflex testing using
FISH to confirm HER2 amplification status.

Tumors with THC scores of 1+ or 2+ without FISH-confirmed gene
amplification were classified as HER2-low, while those with THC 3+ or 2+
with gene amplification were designated as HER2-positive. According to the
DESTINY-Breast 06’ trial stratification protocol, HER2-0 cases were sub-
classified as HER2-ultralow (HER2-0 with membrane staining) and HER2-
null (HER-0 with absent membrane staining).

Comparative analysis of HER2 expression between breast can-
cer and gastric cancer scoring criteria

This study compared HER2 scoring outcomes in 548 CSCC cases using two
distinct evaluation systems: the updated 2023 ASCO/CAP guidelines for
breast cancer'' and the 2017 CAP/ASCP/ASCO criteria for gastric cancer'”.
HER2 expression levels were stratified into four categories (3+, 2+, 1+, 0),
with particular emphasis on identifying statistical differences in HER2
expression distribution between the two scoring systems.

Statistical analysis

All statistical analyses were performed using SPSS version 21.0 (IBM Corp.,
Armonk, NY, USA). Medians were reported for continuous data not fol-
lowing a normal distribution, while between-group comparisons were
performed using the Mann-Whitney U test. Categorical variables were

compared using the chi-squared test (y’). The concordance rates of
HER2 status between cervical biopsies and hysterectomy specimens, as well
as between primary cervical cancer, metastases, and post-NAT residual
disease, were assessed using the Kappa test. Kappa values were interpreted as
follows: <0.2 (poor agreement), 0.2-0.4 (fair agreement), 0.4-0.6 (moderate
agreement), and >0.6 (reasonable agreement). Sankey diagrams were used
to visualize categorical changes in HER2 expression. A p value of <0.05 was
considered statistically significant.

Data availability
All data generated or analyzed during the current study are included in this
published article.
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